Methods-Seventy unilaterally treated patients with PRK were examined. All eyes had been treated with the Summit excimer laser 27 (SD 7) months previously with zone diameters of 4.1 to 5.0 mm. The untreated fellow eyes served as controls. Epithelial thickness was measured centrally with a thin slit optical pachometer and manifest subjective refraction was performed. Results-The epithelium was 21% thicker in the treated eye (p<0.0001). The relation between refractive regression and epithelial hyperplasia was significant (r=0.41; p<0.OOl). Conclusions-Epithelial hyperplasia after PRK correlated with the myopic shift (including hyperopia reduction) after treatment with the Summit laser. A model is proposed suggesting that both subepithelial and epithelial layers contribute to regression in the Summit treated eyes with 18 gm of epithelial hyperplasia contributing each dioptre of regression.
(BrJ7 Ophthalmol 1996; 80:545-548) Despite the growing popularity of photorefractive keratectomy (PRK) and the relatively high patient satisfaction with the results,' the problems of individual predictability and long term stability of refraction remain. The aetiology of myopic regression is still unclear.2' It has been widely suggested that there is a relation between regression and epithelial hyperplasia and/or stromal remodelling. 2 [4] [5] [6] [7] [8] Epithelial hyperplasia has been reported histologically9"4 and clinically.25 However, the relation between epithelial hyperplasia and refractive changes has not been investigated.
Epstein et al'6 have questioned the stromal remodelling hypothesis with their report of the presence of the original pattern of laser ablation rings below the epithelium as long as 2 years after surgery. We have yet to understand the ways in which different components of the corneal wound healing process contribute to the postoperative refractive outcome.
The aim of this study was to determine if there is a relation between epithelial hyperplasia and refractive regression (myopic shift) after PRK.
Materials and methods

SUBJECTS
We examined subjects who had previously had PRK performed on one eye for correction of myopia ( Table 1 The surgical procedure was preceded by topical anaesthesia with amethocaine (tetracaine) 0.5%, and marking of the treatment zone. With the patient fixating an internal fixation target within the laser, a 5.0 mm radial keratotomy marker with cross hairs was centred on the entrance pupil and pressed on the cornea to delineate the treatment zone. Removal of the central corneal epithelium was performed manually with a Beaver blade (Becton Dickinson, AcuteCare, Franklin Lakes, NJ, USA). With the patient again fixating the same target, PRK was performed with the Summit argon fluoride laser with spectral emission at 193 nm and pulse frequency fixed at 10 Hz. The pulse energy resulted in a radiant exposure of 180 mJ/cm'. The number of pulses was computed by a proprietary algorithm. All subjects had less than 1 D of astigmatism and 29 The instrument allows epithelial thickness measurements to be made by utilising a higher illumination level Manifest subjective refraction Manifest refractive error was determined using standard subjective techniques without cycloplegia. Refraction was performed by a trained ophthalmic technician at the 1 month visit and by the operating surgeons at the 3, 6, 9, 12, 18, 24, 30, and 36 month visits. One independent observer (CAG) performed the refraction during the study visit at which epithelial thickness was measured.
For the purposes of this paper, the total amount of refractive regression was calculated as the change in refraction from the first postoperative visit (1 month) until the study visit. Therefore, total regression includes hyperopia reduction as well as any additional regression from emmetropia to a myopic state. Refractive error is expressed as the spherical equivalent in all analyses.
STATISTICAL ANALYSIS
Pearson's product moment regression analysis was used to determine relations between two sets of data. A paired Student's t test was used to test for differences between eyes in the same subject. A proportions test was used to detect differences between two percentages. A one way analysis of variance (ANOVA) was used to test for significant differences in epithelial hyperplasia among regression groups. The Student Newman Keuls test was used to determine which of these groups were different.
Role ofepithelial hyperplasia in regression foUowing photorefractive keratectom5 A 95% confidence level was chosen to denote statistical significance and all statistical tests were two tailed.
MANIFEST SUBJECTIVE REFRACTION Figure 1 shows the mean refractive results over 36 months.
Results
EPITHELIAL THICKNESS
The mean epithelial thickness in the PRK eye was 69 (SD 8) pm (range 52-95 pm) and in the control eye was 57 (7) pm (range 38-75 pm). The epithelium in the PRK eye was significantly thicker by 12 (10) pm (21%) compared with the control eye (p< 0.0001; 95% confidence interval 9.35 to 14.3 pm). 12 15 18 21 24 27 30 Postoperative time (months) The relation between epithelial hyperplasia and total regression was highly statistically significant (r=0.41; p<0.001, Fig 2) . Calculation ofthe relation between epithelial hyperplasia and regression based on the equation derived in Figure 2 predicts that without hyperplasia there is a regression of 1.56 D, and for each additional 10 pm of hyperplasia there is 0.55 D of regression (18 pn for each dioptre ofregression). Figure 3 shows the mean epithelial hyperplasia grouped by the amount of total regression (ANOVA, p <0.001). There was a statistically significant difference in epithelial hyperplasia (a) between groups with total regression from 0.00 D to 3.00 D and the group with greater than 4.00 D of total regression, and (b) between groups with total regression from 0.00 D to 2.00 D and the group with regression of 3.12 D to 4.00 D.
Discussion
The aim of this study was to determine the contribution of epithelial hyperplasia to refractive regression after PRK. Owing to the cross sectional nature of the study design, subjects who where unilaterally treated were chosen so that the untreated eye could be used as a control. The authors acknowledge that this group of patients may not be representative of PRK patients in general as the study group had chosen not to have their fellow eye treated.
It has been postulated that regression is caused by epithelial hyperplasia and/or development of new stromal collagen.2 3 6 Some authors have suggested that reduction of the initial overcorrection is due to epithelial hyperplasia and that stromal regeneration is the major source of the remaining regression.530 It has also been proposed that regression is related to the formation in the laser created 'bowl' of a subepithelial layer containing hyaluronic acid and other glycosaminoglycans which can alter corneal hydration and consequently affect corneal curvature.'2 31 Wilson et al' hypothesised that the healing of the corneal epithelium during the early postoperative period results in an artificial and temporary hyperflattening of the corneal contour which would occur if the epithelium was thicker in the periphery than in the centre of the ablation, giving apparent initial overcorrection. They also suggested that a more pronounced stromal swelling at the wound edge could account for the apparent but temporary overcorrection.
The results of this study show that refractive regression is related to the central epithelial hyperplasia occurring postoperatively in eyes treated with small (5 mm or less) ablation zones. This regression consists largely of a reduction in hyperopia occurring in the early postoperative months (Fig 1) . Since all of the subjects in this group were examined 12 months after the operation, it is not possible to confirm the time course ofepithelial hyperplasia. However, based on the refractive data collected 
